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Abstract 
Remote communication connects with the operating system due to communication delays, causing system 
instability and performance. In order to eliminate or reduce the impact of delay, communication delay for the 
destruction of teleportation system stability and transparency issues, the use of predictive control, in theory, can 
eliminate communication delays. First of all, through the establishment of the system state space model, followed 
by remote control system feedback control structure, a predictive controller design. Can achieve the objective of 
reducing communication delays, and then improve the stability and transparency. 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Society for 
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1. INTRODUCTION 
In the past few decades, many aspects of remote operation have been in many applications, 
including space exploration, deep sea, and industrial productions so on. However, due to physical 
distance and communication bandwidth and other reasons, remote operation of robots and the local 
data transmission between the existences of a large time delay, signal communication delays have an 
impact on telemanipulation outstanding problems in the work. So the design of the controller to 
eliminate or reduce the impact of communication delays on the system is very important. 
Teleoperation robot system controller design, not only to ensure system stability, but also to 
ensure good tracking performance and transparency. The so-called transparency is felt as though the 
operator to operate directly on the environment, with immersive feel. However, [1] pointed out that, 
while ensuring the stability and transparency is very difficult. Ensuring transparency in the system, the 
stability condition greatly enhanced, and sometimes not stable. [2], [3] pointed out passivity and 
scattering theory based on the controller design, making the system passive, which can guarantee 
system stability under any delay, but delay the greater the transparency of the system more bad, then 
operating performance has been seriously affected.  
2. Teleoperation system model 
Teleoperation system by the operator, the main robot, communications links, and the environment 
from the robot. The location of the operator through the master manipulator command, communication 
links and the role of the environment from the robot, the robot state from the above link to return to the 
Lord through the robot, its structure shown in Figure 1.  
 
Figure 1 force feedback teleportation system 
*  
Teleportation system dynamics model can be expressed as: Master manipulator: 
                ࢌࢎ ൌ ࡹ࢓࢜ሶ ࢓ ൅ ࡮࢓࢜࢓ ൅ ࢛ࢊ࢓                                     
(1) 
Slave manipulator:  ࢛ࢊ࢙ ൌ ࡹ࢙࢜ሶ ࢙ ൅ ࡮࢙࢙࢜ ൅ ࢌࢋ               
(2) 
  Environment:     ࢌࢋ ൌ ࡹࢋ࢙࢜ሶ ൅ ࡮ࢋ࢙࢜ ൅ ࡯ࢋ࢙࢞              
ሺ͵ሻ
Where, M, B, C represents quality, damping and elastic coefficients; the subscript m, s, e 
correspond to the master manipulator, from the robot and the environment; ܞܕ,ܞܛsaid the Lord, from 
the robot's speed;ܝܕ is the main Sends to the slave position and force information, ܝܕ ൌ ሾܠܕǡ ܞܕሿ, 
through the communication link output ܝ܌ܛˈܝ܌ܛ ൌ ሾܠ܌ܛǡ ܞ܌ܛሿ; ܠܕǡ ܠ܌ܛ is relative to the ܞܕˈܞ܌ܛ 
position volume; ܝܛ  is the feedback Volume, representing from the robot's position and force 
information, in the above system ܝܛ ൌ ܎܍, by the feedback transfer, said after the ܞ܌ܕ;܎ܐ is the 
operator of the master manipulator of the force, ܎܍ from the robot and environment interactions Force 
If there is no communication delay, ܝ܌ܛሺܜሻ ൌ ܝܕሺܜሻǡ ܝ܌ܕሺܜሻ ൌ ܝܛሺܜሻǄ  Exists in the 
communications link when the communication time lag, 
࢛ࢊ࢓ሺ࢚ሻ ൌ ࢛࢙ሺ࢚ െ ࢀࡸሻˈ࢛ࢊ࢙ሺ࢚ሻ ൌ ࢛࢓ሺ࢚ െ ࢀࡾሻ               
ሺͶሻ 
Where respectively ܂܀ǃ܂ۺ said forward channel and feedback channel communication delay. 
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As can be seen from the above analysis, the feedback from the robot to the master manipulator 
has a ܂܀  signal ܝ܌ܕ  and ܂ۺ  time lag effect that ܝ܌ܕሺܜ ൅ ܂ۺ ൅ ܂܀ሻ  .In order to improve 
transparency, the feedback signal ܝ܌ܕ forecast is very important. 
3. Feedback signal prediction 
Known by the operating system model, the main manipulator to pass the signal from the robot  
ܝܕሺܜሻ, In order to ensure transparency,ܝܕሺܜሻ should contain the main force from the robot, position 
and velocity information 
࢛࢓ሺ࢚ሻ࢞࢓ሺ࢚ሻ ൅ ࢌ૚૛࢜࢓ሺ࢚ሻ ൅ ࢉ૚ࢌࢎሺ࢚ሻ ൅ ࢌ૚૜࢞ෝ࢙ሺ࢚ ൅ ࢀࡾሻ࢜ෝ࢙ሺ࢚ ൅ ࢀࡾሻ ൅ ࢉ૛ࢌ෠ࢋሺ࢚ ൅ ࢀࡾሻ             
˄ͷ˅ 
܎૚૚ˈ܎૚૛ˈ܎૚૜ˈ܎૚૝ˈ܋૚ˈ܋૛ for the undetermined coefficient. Order ۴૚=[܎૚૚ˈ܎૚૛ˈ܎૚૜ˈ܎૚૝], 
where,ܠොܛሺܜ ൅ ܂܀ሻǡ ܞොܛሺܜ ൅ ܂܀ሻ respectively, from the robot in the position of timeܜ ൅ ܂܀ the amount 
of volume and speed. To (5) into (4), we have 
࢛ࢊ࢙ሺ࢚ሻ ൌ ࢌ૚૚࢞࢓ሺ࢚ െ ࢀࡾሻ ൅ ࢌ૚૛࢜࢓ሺ࢚ െ ࢀࡾሻ ൅ ࢉ૚ࢌࢎሺ࢚ െ ࢀࡾሻ ൅ ࢌ૚૜࢙࢞ሺ࢚ሻ
൅ ࢉ૛ࢌࢋሺ࢚ሻ˄૟˅
After feedback from the robot to the master manipulator of the signal is ܝܛሺܜሻ, similar to the 
above analysis. Come, 
࢛࢙ሺ࢚ሻ ൌ ࢌ૛૚࢙࢞ሺ࢚ሻ ൅ ࢌ૛૛࢙࢜ሺ࢚ሻ ൅ ࢉ૜ࢌࢎሺ࢚ െ ࢀࡾሻ ൅ ࢌ૛૜࢞࢓ሺ࢚ െ ࢀࡾሻ ൅ ࢌ૛૝࢜࢓ሺ࢚ െ ࢀࡾሻ
൅ ࢉ૝ࢌࢋሺ࢚ሻ˄ૠ˅
Where, ܎૛૚ ܎ˈ૛૛ ܎ˈ૛૜ ܎ˈ૛૝ ˈ܋૜ ˈ܋૝ for the undetermined coefficients, so ۴૛=[܎૛૚ ܎ˈ૛૛ ܎ˈ૛૜ ܎ˈ૛૝],to 
(7) into (4), we obtain: 
࢛ࢊ࢓ሺ࢚ሻ ൌ ࢌ૛૚࢙࢞ሺ࢚ െ ࢀࡸሻ ൅ ࢌ૛૛࢙࢜ሺ࢚ െ ࢀࡸሻ ൅ ࢉ૜ࢌࢎሺ࢚ െ ࢀࡾ െ ࢀࡸሻ ൅ ࢌ૛૜࢞࢓ሺ࢚ െ ࢀࡾ െ ࢀࡸሻ
൅ ࢌ૛૝࢜࢓ሺ࢚ െ ࢀࡾ െ ࢀࡸሻ
൅ ࢉ૝ࢌࢋሺ࢚ െ ࢀࡸሻ˄ૡ˅
The exact value on the formula, whenܜ ൌ ܜ ൅ ܂܀ ൅ ܂ۺ,ܝ܌ܕ is predicted, with ܝෝ܌ܕሺܜ ൅ ܂܀ ൅
܂ۺሻǡto represent ܝ܌ܕpredictive value. Available: 
࢛ෝࢊ࢓ሺ࢚ ൅ ࢀࡾ ൅ ࢀࡸሻ ൌ ࢞ෝ࢙ሺ࢚ ൅ ࢀࡾሻ ൅ ࢌ૛૛࢜ෝ࢙ሺ࢚ ൅ ࢀࡾሻ ൅ ࢉ૜ࢌࢎሺ࢚ሻ ൅ ࢌ૛૜࢞࢓ሺ࢚ሻ ൅ ࢌ૛૝࢜࢓ሺ࢚ሻ
൅ࢉ૝ࢌࢋሺ࢚ ൅ ࢀࡾሻ                                       ˄ ͻ ˅             
Can be seen from the above equation, if we can knowܝෝ܌ܕሺܜ ൅ ܂܀ ൅ ܂ۺሻ value, then there is no 
equivalent to the feedback time܂ۺ, follow the main hand from the hand of a shorter time, which means 
better operational performance. However, as ܠොܛሺܜ ൅ ܂܀ሻˈܞොܛሺܜ ൅ ܂܀ሻ is the amount of robot position 
and speed of the predicted value of the amount can not be detected, it needs to be predicted by the 
predictor. Then talk about how to build a predictive controller. 
4. Construction of predictive controller 
The previously described (3), (6) into (2), we get from the robot's speed and position information 
of the equation, as follows: 
࢜ሶ ࢙ሺ࢚ሻ ൌ െ࡮࢙ା˄૚ିࢉ૛˅࡮ࢋିࢌ૚૝ࡹ࢙ା˄૚ିࢉ૛˅ࡹࢋ ࢙࢜ሺ࢚ሻ െ
˄૚ିࢉ૛˅࡯ࢋିࢌ૚૜
ࡹ࢙ା˄૚ିࢉ૛˅ࡹࢋ ࢙࢞ሺ࢚ሻ ൅
࢛ഥࢊ࢙ሺ࢚ሻ
ࡹ࢙ା˄૚ିࢉ૝˅ࡹࢋ                ˄ ͳ
Ͳ˅ 
Where, ܝഥ܌ܛሺܜሻ ൌ ܎૚૚ܠܕሺܜ െ ܂܀ሻ ൅ ܎૚૛ܞܕሺܜ െ ܂܀ሻ ൅ ܋૚܎ܐሺܜ െ ܂܀ሻ. 
In order to better describe the information from the end, we will (10) is rewritten into the state 
space model. 
Would result in: 
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۷ܛሺܜሻ ൌ ൤ܠܛሺܜሻܞܛሺܜሻ൨ 
۵ܛ ൌ ቎
૙ ૚
െ ሺ૚ െ ܋૛ሻ۹܍ۻܛ ൅ ሺ૚ െ ܋૛ሻۻ܍ െ
۰ܛ ൅ ሺ૚ െ ܋૛ሻ۰܍
ۻܛ ൅ ሺ૚ െ ܋૛ሻۻ܍
቏ 
܌ܛ ൌ ൥
૙
૚
ۻܛ ൅˄૚ െ ܋૛˅ۻ܍
൩ 
܎૚′ ൌ˄܎૚૜܎૚૝˅ 
State-space model from the side as follows: 
ࡵሶ࢙ሺ࢚ሻ ൌ ሺࡳ࢙ ൅ ࢊ࢙ࢌ૚ᇱ ሻࡵ࢙ሺ࢚ሻ ൅ ࢊ࢙࢛ഥࢊ࢙ሺ࢚ሻ   
˄૚૚˅ 
To facilitate the establishment of prediction, we also approach the amount of Ω, we obtain the 
following formula: 
ࢹሺ࢚ሻ ൌ ࣓ࡵ࢙ሺ࢚ሻ˄૚૛˅
Where ૑ ൌ˄૚૚˅ 
From (9) can be seen, to knowܝ܌ܕ predictive value, that is, ܝෝ܌ܕሺܜ ൅ ܂܀ ൅ ܂ۺሻ, must know 
ܠොܛሺܜ ൅ ܂܀ሻˈܞොܛሺܜ ൅ ܂܀ሻ the size of the value, but ܠොܛሺܜ ൅ ܂܀ሻˈܞොܛሺܜ ൅ ܂܀ሻare predicted, it must be 
established predictor, the first of ܠොܛሺܜ ൅ ܂܀ሻˈܞොܛሺܜ ൅ ܂܀ሻto predict 
    ܠොܛሺܜ ൅ ܂܀ሻˈܞොܛሺܜ ൅ ܂܀ሻ Obtained by the previous state-space model derived from the side: 
ࡵሶ࢙ሺ࢚ ൅ ࢀࡾሻ ൌ ሺࡳ࢙ ൅ ࢊ࢙ࢌ૚ᇱ ሻࡵ࢙ሺ࢚ ൅ ࢀࡾሻ ൅ ࢊ࢙࢛ഥࢊ࢙ሺ࢚ ൅ ࢀࡾሻ 
 ࢹሺ࢚ ൅ ࢀࡾሻ ൌ ࣓ࡵ࢙ሺ࢚ ൅ ࢀࡾሻ                              ˄13˅               
As ܜ ൅ ܂܀ time۷ܛሺܜ ൅ ܂܀ሻ value estimates, non-referential. By the Section analysis shows that 
the main operator action time set t, although the time from the operatorܜ ൅ ܂܀information ۷ܛሺܜ ൅ ܂܀ሻis 
unknown, but the availableܜ െ ܂ۺtime value. 
Where (13), be amended, they can predict۷ܛሺܜ ൅ ܂܀ሻ. 
So࢓ሺ࢚ሻ ൌ ࡵ࢙ሺ࢚ ൅ ࢀࡾሻ, then࢓ሶ ሺ࢚ሻ ൌ ࡵሶ࢙ሺ࢚ ൅ ࢀࡾሻ, so that ࢹሺ࢚ ൅ ࢀࡾሻ ൌ ࢹഥ˄࢚˅ 
࢓ሶ ሺ࢚ሻ ൌ ሺࡳ࢙ ൅ ࢊ࢙ࢌ૚ᇱ ሻ࢓ሺ࢚ሻ ൅ ࢊ࢙࢛ഥࢊ࢙ሺ࢚ ൅ ࢀࡾሻ ൅ ࡽሺࢹഥሺ࢚ െ ࢀࡸሻ െ ࢹሺ࢚ െ ࢀࡾ െ ࢀࡸሻሻ    
ሺͳͶሻ 
Where, Q for the predictive controller gain 
Predicted value and actual value of certain errors that 
܍ሺܜሻ ൌ ۷ܛሺܜ ൅ ܂܀ሻ െܕሺܜሻ 
(14) minus (13), the specific expression of the error can be: 
ࢋሶ ሺ࢚ሻ ൌ ൫ࡳ࢙ ൅ ࢊ࢙ࢌ૚′ ൯ࢋሺ࢚ሻ ൅ ࡽ࣓ࢋሺ࢚ െ ࢀࡾ െ ࢀࡸሻ              
ሺͳͷሻ  
 (1), (2), (3) the dynamic system described by the transparency can be the main robot and the 
environment impedance to measure the size, the main manipulator impedance is: 
           ࢌࢎሺ࢙ሻ࢜࢓ሺ࢙ሻ ൌ ࢠ࢚                                                   (16) 
Environmental impedance: 
 ࢌࢋሺ࢙ሻ࢙࢜ሺ࢙ሻ ൌ ࢠࢋ                                                   (17) 
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When there exists ܢ܍ ൌ ܢܜ  the power system of transparency is the best. (16), (17) in ܎ܐሺܛሻˈ
ܞܕሺܛሻˈ܎܍ሺܛሻˈܞܛሺܛሻˈ, representing ܎ܐሺܜሻˈܞܕሺܜሻˈ܎܍ሺܜሻˈܞܛሺܜሻ Laplace   transform. 
Obtained under conditions of transparency: 
ࢉ૝ ൌ ૚ െ ࢉ૛                                                  (18) 
ࢉ૚ ൌ ૚ െ ࢉ૜                                                 (19) 
ࢉ૝ ൌ ࡹ࢙ࡹ࢓ ࢉ૚                                                 (20) 
 ሺࢌ૛૛ ൅ ࢌ૚૛ሻ ൅ࡹ࢓ሺࢌ૛૝ ൅ ࢌ૚૝ሻ െࡹ࢓࡮࢙+ࡹ࢙࡮࢓ ൌ ૙             (21) 
ࡹ࢙ሺࢌ૛૚ ൅ ࢌ૚૚ሻ ൅ ࡹ࢓ሺࢌ૚૜ ൅ ࢌ૛૜ሻ ൌ ૙                        (22) 
Shows that when it appears ܋૚ ب ૚, the environment tends to the main robot ܢ܍ impedance ܢܜ, 
better transparency of the system 
5. The experimental results 
For simulation of the Lord, and the environment from the hand to hand parameters˖ 
ࡹ࢓ ൌ ࡹ࢙ ൌ ૜Ǥ ૞૛૝࢑ࢍ 
࡮࢓ ൌ ࡮࢙ ൌ ૙Ǥ ૙ૡ૛ 
Order ܋૚ ൌ ܋૝ ൌ ૛૟ˈ܋૛ ൌ ܋૜ ൌ െ૛૞.From(18)~(19),we can obtain  
ࡲ ൌ ቂ૙Ǥ ૜૞૝െ૚Ǥ ૠૡ
૙Ǥ ૠ૜૞
െ૚Ǥ ૙૞૟
െ૙Ǥ ૜૞૝
૚Ǥ ૠૡ
െ૙Ǥ ૠ૜૞
૚Ǥ ૙૞૟ ቃ 
ࡽ ൌ ሾ૙ǡ ૚Ǥ ૢ૜ሿ 
The results shown in Figure 2 
 
 (a)Force tracking curve                        (b) Position tracking curve 
6. Conclusion 
In this paper, communication delays of force teleportation system stability and transparency 
effects, a prediction algorithm. Analysis and experiments show that the method has the following 
advantages: To guarantee system stability and good Transparency; Model does not require prior 
knowledge of the environment, and adapt to environmental changes; Track time shorter than the 
traditional methods; No acceleration measurement system. 
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